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An optimization of the CERN-SPL beam line has been performed whih leads to better sensitivities to the θ13
mixing angle and to the δCP violating phase than those advoated onsidering baseline senario.
1. Introdution
An optimization of the energy as well as the
seondary partile fousing and deay tunnel has
been undertaken in the ontext of a Super Beam
of 4 MW [1℄ using the CERN-SPL [2℄ and searh-
ing for νµ → νe (ν¯µ → ν¯e) appearane hannels in
a 440 kT duial volume water Cerenkov dete-
tor loated in an possible new underground lab-
oratory at the Fréjus tunnel, 130 km from the
CERN omplex.
2. Fluxes
The seondary partiles from the interation of
proton beam impinging a 30 m long 1.5 m di-
ameter merury target, have been obtained with
the FLUKA generator. At kineti energy of 3.5
(2.2) GeV, the number of p.o.t per year is 0.69
(1.10) 1023 while the numbers of pi+/pi−/K+/Ko
per p.o.t are 0.41/0.37/3510−4/3010−4
(0.24/0.18/710−4/610−4). At higher beam en-
ergy, the kaon rates grow rapidly ompared to
the pion rates, and needless to emphasize the
need of an experimental onrmation [3,4℄ of
suh numbers.
The fousing system optimized in the on-
text of a Neutrino Fatory [5,6℄ has been re-
designed onsidering the spei requirements of
a Super Beam. The most important points are
the phase spaes that are overed by the two
types of horns are dierent, and that the pions
to be foused should have an energy of the or-
der of ppi(MeV)/3 ≈ Eν & 2L(km) to obtain
a maximum osillation probability. In pratie,
this means that one should ollet 800 MeV/
pions. The resulting uxes for the positive
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Figure 1. The νµ and the ν¯µ uxes obtained by
optimizing the SPL for a Super Beam ase ("SB
Opt.") are ompared to those obtained with a
fousing system designed for a Neutrino Fatory
("NF Opt.").
(νµ beam) and the negative fousing (ν¯µ beam)
are show on gure 1. The total number of
νµ (ν¯µ) in positive (negative) fousing is about
1.18(0.97)1012/m2/yr with an average energy of
300 MeV. The νe (ν¯µ) ontamination in the νµ
beam is around 0.7% (6.0%). Compared to the
uxes used in referenes [7,8℄ the gain is at least a
fator 2.5. Using neutrino ross-setions on water
[9℄, the number of expeted νµ harged urrent is
about 95 per kT.yr.
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Figure 2. Comparison of the sensitivity ontours
with the new optimized setup and the original
SPL design after 5 years of running with positive
fousing.
3. Physis potential
The physis potential of the new optimized
SPL may be determined using GLoBES software
[10℄. Both the appearane and the disappear-
ane hannels have been used, and also ve bins
of 200 MeV eah have been introdued. The pio
bakground have been rejeted using a tighter
PID ut ompared to standard SuperK analysis
[7℄. The Mihel eletron has been required for
the µ identiation. As ultimate goal suggested
by [11℄ a 2% systematial error is used both for
signal and bakground.
The 90% CL sensitivity ontour in the
(∆m231,sin
2 2θ13) plane after 5 years running with
a positive fousing is shown on gure 2. With the
new optimized setup, one expets to reah a limit
on θ13 of 0.7
o
. One may also appreiate on gure
3 the improvement on the ombined sensitivity
of sin2 2θ13 and δCP with the new optimization
ompared for instane to the T2K projet [11℄.
So, the optimized SPL beam line operating a
Super Beam towards a megaton sale detetor
at the Fréjus tunnel has a great potential on-
trary to the strong statement advoated at the
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Figure 3. Comparison of the sensitivity on om-
bined θ13 and δCP after 5 years of positive fous-
ing. The T2K sensitivity ontour has been de-
rived from referene [11℄. No mass hierarhy nor
otant hierarhy ambiguity has been onsidered.
last SPSC/PSC Villars meeting [12℄.
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